We present the first period-luminosity and period-radius relation of Galactic RV Tauri variable stars. We have surveyed the literature for all variable stars belonging to this class and compiled the full set of their photometric and spectroscopic measurements. We cross-matched the final list of stars with the Gaia DR2 database and took the parallaxes, G-band magnitudes and effective temperatures to calculate the distances, luminosities and radii using a probabilistic approach. As it turned out, the sample was very contaminated and thus we restricted our study to those objects for which the RV Tau-nature was securely confirmed. We found that several stars are located outside the red edge of the classical instability strip, which implies a wider pulsational region for RV Tau stars. The period-luminosity relation of galactic RV Tauri stars is steeper than that of the shorter-period Type II Cepheids, in agreement with previous result obtained for the Magellanic Clouds and globular clusters. The median masses of RVa and RVb stars were calculated to be 0.45-0.52 M and 0.83 M , respectively.
INTRODUCTION
RV Tauri-type variables form the long-period extension of Population II Cepheids, which are metal-poor low-and intermediate mass F-, G-and K-type supergiant stars, older than the classical Cepheids (see Wallerstein (2002) for a review). RV Tauris are among the most luminous stars (10 3 -10 4 L ), having already left the red giant (RGB) or the asymptotic giants branch (AGB) and rapidly evolving through the post-RGB/AGB instability strip to become planetary nebulae (Manick et al. 2018; Kamath, Wood & Van Winckel 2015 , 2014 Jura 1986 ). Hence, they provide important information about the not so well-known late-phases of stellar evolution, in which pulsations and mass-loss processes can interact and influence stellar evolution.
During their evolution, post-AGB stars cross the instability strip where they become unstable against radial pulsation. The observed periods of RV Tau stars usually fall between 20 and 90 days (Soszyński et al. 2010 (Soszyński et al. , 2008 . The main characteristics of the light curve is the presence of alternating minima (i.e. every second minima are shallower). The periodicity is not strict, as the cycle-to-cycle variations can be quite significant, and in some cases, it has been shown to be caused by lowdimensional chaos (e.g. Buchler et al. 1996 , Plachy, Bódi & Kolláth 2018 . In addition to the Cepheid-like pulsations, some RV Tau stars show long-term modulation of the mean brightness with periods of 700-2500 days, associated with time-variable dust obscuration (Kiss & Bódi 2017) . The absence or presence of the slow modulation is the basis for classifying the stars into the RVa and RVb Previous studies on the period-luminosity (PL) relations of RV Tauri stars were almost exclusively based on various samples of Population II Cepheids in the Magellanic Clouds or globular clusters. There were hints of a different slope for longer-period Type II Cepheids (McNamara 1995), which was found to depend on the wavelength of the observations, with negligible effects in the JHK S bands (Matsunaga et al. 2006) . Recently, Groenewegen & Jurković (2017a) and Manick et al. (2017) presented supporting indications of a steeper RV Tau PL relation for the dusty objects in the Magellanic Clouds and the Milky Way, respectively.
Until now no PL relation has been published for nearby, bright and in all other aspects well-observed Galactic RV Tauri stars. Gaia DR2 has opened, for the first time, the possibility of a geometric distance measurement of Galactic RV Tau-stars. The main inspiration of our study is to compare the RV Tau populations of the Milky Way and the Magellanic Clouds and the universality of their PL relations.
DATA AND METHODS
To identify all the known stars in the Galaxy that are thought to be of RV Tau-type, we searched the catalog of variable star index (VSX database 4 ), the General Catalog of Variable Stars (GCVS; Samus et al. 2017 ) and the SIMBAD (Wenger et al. 2000) database. Then, we cross-correlated this sample with the Gaia archive 5 (Gaia Collaboration et al. 2016 , 2018 and downloaded all available measurements for stars that have relative parallax error (σ π /π) smaller than 0.2 (well-determined parallaxes; Astraatmadja & Bailer-Jones 2016) . We have found 56 stars. We note that in most cases extinction values are missing in the Gaia table. This turned out to be a consequence of the data filtering done by the Gaia team (see Sect. 6.5, Eqs. (8-11) and Figs. 31 and 19d in Andrae et al. 2018) , which practically removed all stars between the upper main sequence and the RGB/AGB in the Hertzsprung-Russell-diagram. Because of this and the strong degeneracy between extinction and temperatures, the Gaia T eff values were also found to be systematically biased (see details below). Bailer-Jones (2015) showed that distance estimation from parallaxes becomes an inference problem when measurement errors are present. Traditional inverse approach gives an incorrect (symmetric) error estimate, which can be avoided by using a properly normalized prior. Astraatmadja & Bailer-Jones (2016) investigated the performance of various priors for estimating distances and found that the exponentially decreasing space density (EDSD) prior performs well with a length scale of 1.35 kpc. To determine Gaia distances we followed the prescription of the EDSD method.
To calculate the absolute magnitudes and luminosities, we used photometric measurements, extinction and bolometric correction values. 2MASS J,H,K s and Johnson V,I band photometric values were taken from the SIM-BAD catalog. However, during the calculation of luminosities, the Gaia magnitudes were preferred, if available. Extinctions A V were taken from the combination of 3D reddening maps by Marshall et al. (2006) , Green et al. (2015) , and Drimmel, Cabrera-Lavers & López-Corredoira (2003) as implemented in the python package of mwdust (Bovy et al. 2016 Absolute magnitude, luminosity and radius values were determined in a probabilistic approach using the direct mode of the slightly modified isoclassify code of Huber et al. (2017) , which uses a Monte-Carlo sampling scheme and derives posterior distributions of all parameters. The parameter estimation was performed star by star as follows. First, the distance is determined, then the A V is estimated from the reddening map, which is used to calculate the absolute magnitude in an available photometric band. Using BC, luminosity is determined, which is then converted into radius using the effective temperature and the Stefan-Boltzmann law. The final values and the errors are the median and the 1σ confidence interval of the distributions.
The periods of pulsation and mean-brightness variation (in case of the RVb stars) were taken from the literature. For stars without published periods, we downloaded the AAVSO (American Association of Variable Star Observers) or ASAS (All Sky Automated Survey; Pojmanski 2002) light curves and determined the pulsation periods from the Fourier-spectra, if it was possible. In this paper, we consistently use the double-periods, i.e. the duration between two executive shallow or deep minima as the length of the pulsation cycles. When we plotted the Hertzsprung-Russell-diagram and the period-luminosity relation, we found that the observational scatter was huge. The initial sample contained several low-luminosity stars, and also objects located far from the theoretical instability strip. We interpreted the large scatter as due to contamination of misclassified objects, hence we performed a strict revision of the sample as follows.
First, we thoroughly surveyed the literature for all stars in the initial sample to remove all objects for which there was the slightest doubt about the RV Tau-nature. Second, we took into account the systematic investigation of misclassified RV Tauris by Zsoldos (1991) . Third, we also excluded stars with poorly determined pulsation periods (meaning that we may have left out genuine RV Tauris, too, which need further photometric observations to measure the periods).
In the next step, we reviewed the AAVSO and ASAS light curves for each star remaining and checked the variability characteristics by visual inspection. Stars with few observations and those that do not show the alternating behavior clearly (i.e. every minima have almost the same depth) were filtered out. During the inspection, we found incorrectly determined magnitudes in the commonly used catalogues.
RVb-type stars needed a specific treatment in terms of calculating their luminosities. As it turned out, the catalogued mean magnitude values were previously determined by averaging the brightness over the whole light curve, including the long-term RVb cycles. However, given that the RVb phenomenon is indeed connected to the dust extinction around the stars (Kiss & Bódi 2017) , we re-determined the mean brightnesses of these objects by averaging the light curves only in the vicinity of the maximum of the long-term variation. This resulted in much higher luminosities, which in turn decreased the scatter of the PL relation.
Finally, we decided to restrict our detailed analysis to those stars that: (i) were included in the spectral energy distribution (SED) study of Gezer et al. (2015) as objects that were chemically studied before; and (ii) the RVb stars of Kiss & Bódi (2017) that have spectroscopically determined parameters. This is the most reliable, high confidence collection of galactic RV Tauri-type variables with well-determined Gaia DR2 distances, which contains 12 RVa-and 6 RVb-type stars in the Galaxy.
Gaia versus spectroscopic T eff values
The second Gaia data release (Gaia DR2) contains photometry in three different bands. G is a broad band, while BP and RP were obtained by integrating the red and blue side of the grism spectra. From the difference of these Gaia bands, stellar effective temperatures were inferred for stars brighter than G=17 mag with T eff between 3000-10000 K. These results are reliable within an accuracy of 324 K (Andrae et al. 2018 ). This value represents the random errors, not taking into account the systematic uncertainties.
As we found spectroscopically determined (hence expected to be more reliable in relation to interstellar reddening) effective temperatures for several RV Tauri type stars, we can compare the Gaia inferred T eff values with the literature to test the reliability of the given error bars. Fig. 1 shows the T
Gaia eff
vs. T lit eff overplotted with the distribution of differences in insert. As can be seen in the plot, the temperatures are in reasonable agreement within the given error bars below T lit eff ∼ 4500 K. After this point, the deviation increases with increasing T lit eff (except one point which is covered by the insert). This increasing deviation is expected from Fig. 11 .(c) of Andrae et al. (2018) , but this should be symmetric. From the distribution in insert, we can estimate a mean deviation of 445.4 K, which significantly decreases the accuracy of the Gaia temperatures. This effect strongly influences the position of the RV Tau stars in the HR diagram (next subsection) and the mass estimation (Section 3.4), if no spectroscopic effective temperatures are available. That is why we restricted out investigation to those stars for which spectroscopic temperatures were available from the literature.
As has been pointed out by the referee, Gaia parallaxes are based on single star solution while many of the RV Tauris (especially the RVbs and the disk stars) are found in binaries that might affect the observed discrepancy between the Gaia and spectroscopic effective temperatures. However, Manick et al. (2017) showed that the spectra of RVb stars are dominated by the highly luminous primary star and no signature of the companion is seen in the spectra. Thus, we expect that the influence of the secondary on the determination of the effective temperatures is negligible.
The finally adopted fundamental physical parameters are listed in Table 1 . These form the basis of the detailed discussion in the next Section.
RESULTS

The empirical Hertzsprung-Russell-diagram
In Fig. 2 we show two versions of the empirical Hertzsprung-Russel-diagram. The only difference is the temperature used in the horizontal axes: the top panel is based on the Gaia DR2 temperatures, while the bottom panel was plotted with the spectroscopic effective temperatures. The effect is quite dramatic, given that the Gaia DR2 temperatures only lead to a single RV Tau star falling into the expected instability strip. This clearly indicates that the lack of extinction correction in the Gaia DR2 data makes these temperatures systematically offset. When taking the more reliable spectroscopic temperatures, the majority of the stars is shifted into the instability strip or close to its red edge.
To put both plots in Fig. 2 into the context of stellar evolution, we overplotted evolutionary tracks of single low-mass stars from zero-age main sequence to the post-AGB phase (Charbonnel et al. 2017; Bertolami 2016) . The blue and the red edges of the classical instability strip were adopted from Christensen-Dalsgaard (2003) . The different symbols of RVa, RVb, dusty and Table 1 The physical parameters of high-confidence galactic RV Tauri stars (see text for details). The errors represent the 1σ confidence level of the posterior distributions. The effective temperatures were taken predominantly from Gezer et al. (2015) and are all based on spectroscopic measurements. Periods of pulsation and mean-brightness variation were calculated by us or were taken from the literature. References.
-(1) Wils & Otero (2008) ; (2) this paper; (3) Samus et al. (2017) ; (4) Kiss & Bódi (2017) ; (5) Percy (2015); (6) Manick et al. (2017) non-dusty stars were used to reveal any dependence of the pulsational characteristics on the presence of a disk. Furthermore, we also highlight the luminosity of the tip of the RGB of 1 M and 4 M models with Z=0.008.
Recently Manick et al. (2018) discussed the evolutionary status of SMC and LMC RV Tauri stars, which is based on comparison with single stellar evolutionary models and the relative position of stars to the luminosities of TRGBs. Here we adopt their argumentation regarding the nature of galactic RV Tauri stars.
Looking at the boundaries of the data, it is apparent that disk and RVb stars have luminosities between ∼700 L and ∼5500 L , all falling below the 1.5 M post-AGB track. Manick et al. (2018) argued that dusty stars that have higher luminosities than the 1 M TRGB (upper horizontal dash line) are probably post-AGB objects with initial mass higher than ∼1 M . Stars between the two horizontal lines would be post-AGBs if they are indeed descendants of ∼2-4 M stars. Otherwise they were likely formed from lower-mass binary post-RGB progenitors. For lower luminosities, the objects are presumably post-RGB stars with lower progenitor masses. These are probably binaries as all confirmed binary RV Tauri stars are most likely disk sources (Gezer et al. 2015) , which was recently further strengthened by the RVb analysis of Kiss & Bódi (2017) .
Most of the non-IR galactic RV Tauri stars fall below the theoretical TRGB of an 1 M star, and are near the post-AGB track of an 1 M star. Based on their position in the HRD, they should have gone through a mass-loss phase, but no sign of a dust is detected. Manick et al. (2018) speculate that these non-dusty RV Tauri stars are single low-luminosity post-AGB stars with an initial mass lower than 1.25 M , where the disk has dispersed on a timescale of 1000 years, making impossible to detect it with recent IR space telescopes (e.g. at 22 micron in case of WISE). However, if they are binaries then the dusty disk has been dispersed during the slow evolution of the low-mass primary.
There is an outlier with much higher luminosity than the others. This star is SS Gem, which is presumably a Pop. I Cepheid as it is well-above the PL relation defined by RV Tauri stars (see Sect. 3.2).
We also note that the location of the several lower luminosity stars with T eff ≤5000 K fall close to the blue loops of 3-4 M very metal-poor models (like corresponding to the Magellanic Cloud). However, such massive stars would rather be Pop I Cepheids than Pop II variables, in strong contradiction to the other properties. For example, one of the cool low-luminosity stars is the wellstudied DF Cygni, which has a very representative RV Tau nature (see Bódi, Szatmáry & Kiss 2016) . Manick et al. (2018) and Groenewegen & Jurković (2017b) noted that the luminosity of the dusty RV Tauri stars is on average higher, which was attributed by the latter authors to the flux contribution from a companion. The small number of stars in Fig. 2 prevents drawing a similar conclusion, although a slight supporting tendency may be discovered in the distribution of the points (labelled as "Disk" and "RVb" in Fig. 2) .
Overall, the position of the galactic RV Tauri stars in the HR diagram is consistent with those in the Magellanic Clouds. Hence, we can conclude that galactic RV Tauri stars share very similar evolutionary nature despite the different galactic environments.
From a pulsational point of view, all disk stars are located in the theoretical instability strip (IS) within the uncertainties, while a significant fraction of the non-IR and RVb RV Tauris are outside the red edge of the theoretical IS. The fact that some post-AGB stars are lo- cated further redward of the IS was already noted by Kiss et al. (2007) , but they only found three stars with slightly lower temperatures than expected. Here we can see that this phenomenon is more pronounced, which most likely reflects the structural difference between classical Cepheids and RV Tau stars or the difference between the excitation mechanisms.
The period-luminosity relation
There is an extensive literature on PL relations of classical pulsating stars, such as RR Lyraes and Cepheids, which we do not attempt to review here. We only refer to a recent work of Groenewegen (2018) , who presented a detailed analysis of PL-relations of Magellanic Cloud Cepheids and related variable stars, including RV Tauris. Our main goal here is to establish the first parallax-based PL relation of galactic RV Tau stars. Figure 3 shows the period-luminosity relationship for high-confidence galactic RV Tau type stars, with the data taken from Table 1 . There is a noticeable scatter, but most of the points clearly define a linear relationship in the period range of ∼40-100 days. However, there is still an outlier, which is the already mentioned overluminous star SS Gem. Moreover, the luminosity of SX Cen and V820 Cen are either too high or to low, respectively, compared to the overall scatter of the relation.
We fitted a linear function to the logarithmic quantities of these stars with period less than 100 days using an iterative approach with a 2σ clipping, which yielded the following equation (χ 2 = 0.90):
log L/L = 2.62
+0.05
−0.01 log P − 1.52
where errors represent the 1σ uncertainty and 2 out of the 17 points were excluded. This result is plotted in Fig.  3 as a black line, where we also depict the inferred PL relation of Population II Cepheids (black dashed line) and RV Tauri stars (black dotted-dashed line) in the Magellanic Clouds of Groenewegen & Jurković (2017a) . Recently, Groenewegen & Jurković (2017a) found that RV Tauri-type stars are brighter than expected from the shorter-period Population II Cepheids (BL Her and W Vir objects), i.e. they follow a steeper PL relation. This kind of behaviour for longer period stars has been known for a long time (see e.g. Harris (1985) ). Here we find an even steeper relation for the galactic RV Tauri stars than in the MCs. McNamara (1995) suggested that the reason behind the steeper PL relation is the increase of mass with the period of pulsation. This is, however, in contradiction with the model calculations (see the equations in Sect. 3.4) .
Considering the outliers, we searched the literature for any information that could imply that these objects may not be of RV Tau-type after all, but we could not find anything conclusive. The physical parameters and the light curve of SX Cen strengthen its evolutionary status. As the PL relation of Pop. I Cepheids lies above that of Pop. II stars, one can naturally conclude that SS Gem may belong to the classical Cepheids instead of RV Tauris. However, its light curve is more similar to those of RV Taus, contradicting the suggestion which comes from the outlying luminosity alone. Finally, V820 Cen follows the PL relation of all Pop. II Cepheids in the Magellanic Clouds, hence its position may be a metallicity-related effect (i.e. being more metal-poor than the average in the Milky Way), rather than belonging to a different class of stars.
In addition to the period-luminosity relation we have also determined the period-absolute magnitude diagram in the V -band in Fig. 4 . Here we fitted a linear function to the stars with pulsation periods less than 100 days, which yielded (χ 2 = 0.96):
+0.07
−0.38 log P + 10.21
where 3 out of 17 points were excluded. Interestingly, the scatter of the points seems to be smaller and the outliers are the same as in the PL relation. This result can be more easily compared to previous studies because more investigations in the V -band are available in the literature. Some of the previous period-M V relation studies of the Magellanic Cloud and globular cluster variables found that the longer period Pop. II Cepheids follow a steeper slope than BL Her and W Vir stars. The derived slopes are around -4 (-4.35: McNamara 1995; -3.91: Alcock et al. 1998; -3.60: Harris 1981) . This mean value is significantly different than ours, which makes our period-M V slope the steepest one ever found. Soszyński et al. (2018) published the most recent period vs. Wesenheit index diagram of Pop. II Cepheids of the Magellanic Clouds. Although the authors did not publish any fits, just the scatter plots in their Fig. 4 , a closer look at the data suggests that there is indeed a break in the periodabsolute magnitude relation around 20 days. Unfortunately, our sample is too small to draw a firm conclusion and the next Gaia data release will be needed to expand the galactic sample.
In addition to the traditional period-absolute magnitude relation we noticed an interesting correlation between the RVb period and the absolute magnitude. We plot the V-band absolute magnitude against the period of the slow variation in Fig. 5 . We found that 5 out of the 7 RVb stars of our sample follow a strikingly welldetermined linear relationship. Interestingly, SX Cen with the shortest period is the same outlier as in the PL relations in Figs. 3-4 , the other one is TW Cam. For the sake of completeness we fitted a linear function using the same iterative 2σ clipping approach to these points which yielded the following parameters:
+0.023
−0.128 log P RVb + 13.390
Kiss & Bódi (2017) studied the nature of the RVb phenomenon and found supporting evidence for the model of periodic obscuration by a circumbinary dusty disk as an explanation of the slow variations. In this context, the central object is a binary star and the RVb period corresponds to the orbital period of the system. It is not yet clear why there should be an orbital period-absolute magnitude relation for post-AGB binaries, which, if proven, could indicate an important clue about the evolution of these heavily mass-losing binary systems.
3.3. The period-radius relation Fernie (1984) collected all available radii of classical Cepheids up to 1982 that were determined using the Baade-Wesselink method and defined a relation between the pulsation period and radius (P-R). This relation was confronted to theoretical expectations (Fernie 1984; Bono, Caputo & Marconi 1999) , for which an agreement between theory and empirical results have been found for a wide range of periods. Woolley & Carter (1973) showed that a similar (parallel) relation exists for Pop. II Cepheids (BL Her and W Vir stars). Since then several studies have been conducted on the P-R relation of Type II Cepheids; Burki & Meylan (1986) and Balog, Vinkó & Kaszás (1997) presented such a relation in the Milky Way and recently Groenewegen & Jurković (2017a) in the Magellanic Clouds.
In Fig. 6 we plot the logarithmic period-radius relation for our sample. The radius dependence on the pulsation period is not so strict, as the points show a rel- atively large scatter. Nonetheless, a positive correlation is clearly visible, which can be strengthened by an iterative 3σ clipping fitting to these points, which yielded the following equation:
log R/R = 0.91
−0.02 log P − 0.03
This fit can be seen as a black line with the 1σ confidence level in Fig. 6 . The labeled outliers are the same as in the previous PL plots. As the radii were calculated from the luminosities and effective temperatures, it is not surprising that SS Gem have the largest radius. Within the given errors, the radius of V820 Cen just happen to follow the fitted relationship. However, if we force to exclude this star in the fitting process, we get a slightly steeper slope.
The P-R relation of BL Her and W Vir stars of Burki & Meylan (1986) and of RV Tauris in the Magellanic Clouds by Groenewegen & Jurković (2017a) are shown by black dashed and dash-dotted lines in Fig. 6 , respectively. Balog, Vinkó & Kaszás (1997) did not publish their results quantitatively, so we cannot directly compare theirs to ours. As can be seen in Fig. 6 , the PR relation of Burki & Meylan (1986) and Groenewegen & Jurković (2017a) lie close to each other. Contrary to this, our sample of galactic RV Tauri stars appear to follow a steeper relation with a deviation larger than the uncertainties. As the plotted linear of Burki & Meylan (1986) is only an extrapolation of a fit to BL Her and W Wir stars, the deviation may arise from the different types of Pop. II Cepheids, even keeping in mind that their study is also based on a sample of galactic stars. The fit of Groenewegen & Jurković (2017a) covers the RV Tau regime, which makes it challenging to explain the observed deviation. As the metallicity is the main difference between the Milky Way and the Magellanic Clouds, a natural explanation could be a [Fe/H]-dependent PR relation; Groenewegen & Jurković (2017a) did not find any sign of it, hence this issue is also in need of further data in the next Gaia data release. Burki & Meylan (1986) to galactic Pop II Ceps and Groenewegen & Jurković (2017a) fit to RV Tauri stars in the Magellanic Clouds, respectively. Marconi et al. (2015) computed a large grid of nonlinear, time-dependent convective hydrodynamical models of fundamental and first overtone pulsators assuming a broad range in metal abundances (Z = 0.0001-0.02). Based on these models they constructed new metal-dependent pulsation relations, i.e. the correlations between pulsation and evolutionary observables. They omitted the most luminous models (called Sequence D; L/L ∼ 100), because such high values are untypical in case of RR Lyraes, the main targets of their study. However, Type II Cepheids lie in this higher luminosity range. Groenewegen & Jurković (2017a) re-derived these relations considering all models with logL > 1.65L and found the following equation for fundamental mode pulsators: log P = (11.468 ± 0.049) + (0.8627 ± 0.0028) log L − (0.617 ± 0.015) log M − (3.463 ± 0.012) log T eff + (0.0207 ± 0.0013) log Z (N = 195, σ = 0.0044).
Previously, Bono, Caputo & Marconi (2000) computed a set of nonlinear, convective Cepheid models. They found that for each metallicity, the predicted fundamental periods can be connected to mass, luminosity, and effective temperature. Groenewegen & Jurković (2017a) combined the "canonical" and "non-canonical" models of Bono, Caputo & Marconi (2000) and found for fundamental mode pulsators: log P = (10.649 ± 0.085) + (0.9325 ± 0.0053) log L − (0.799 ± 0.020) log M − (3.282 ± 0.022) log T eff + (0.0393 ± 0.0026) log Z (N = 202, σ = 0.0085).
If we know the pulsation period, luminosity, effective temperature and metallicity, these equations can be used to estimate the stellar mass. Groenewegen & Jurković (2017a) tested the method on a known classical Cepheid (OGLE-LMC-CEP-0227) and found agreement with the literature within the error bars. To estimate masses using Table 2 The estimated masses of high-confidence galactic RV Tauri stars. The RRL and Cep subscripts refer to the papers of Marconi et al. (2015) and Bono, Caputo & Marconi (2000) , respectively, which were used for the calculations (see text for details). The errors were estimated from the uncertainties of the physical parameters. Eq. 5 and 6 we assumed Z=0.014 (solar metallicity). The results are listed in Table 2 . The estimated masses are in the range of ∼0.1-2.2 M independently from the period. There is only one outlier with significantly higher value, SS Gem. The resulting masses of the two methods are in agreement within the given errors. They differ each other mostly by 0.1 − 0.2 M . If we take the mean of the two kind of masses and separate the non-IR, disk and RVb stars, we find the following. The masses of the non-IR RV Tauri stars are in the range of 0.33-5.48 M with a median of 0.52 M , the masses of the disk stars are in the range of 0.18-0.9 M with a median of 0.45 M , while the mass of the RVb stars is in the range of 0.28-2.28 M with a median of 0.83 M . We note that these values are based on half of the formal periods, because the usage of double periods resulted in unphysically low masses. This phenomenon may imply that the real pulsation period of RV Tauri stars is the elapsed time between two consecutive minima aside from its depth.
The estimated masses spread on a wide range (see .  Fig 7) . Our results are generally consistent with those of Groenewegen & Jurković (2017a) in the Magellanic Clouds. If we look at the median masses of the different types of RV Tau stars, we can recognize the significant difference between non-IR/IR and RVb stars; non-IR and dusty ones have similar, median values (0.45-0.52 M ), while the RVb stars have approximately the double of that (0.83 M ). However, it is important to note that the RVb masses follow a bimodal distribution (∼0.7 M and ∼1.8 M ), which prevents drawing a firm conclusion. Just as above, the sample size is critical here and further stars will be needed when the distance limit of the Gaia data will be pushed further away.
Stars with masses greater than 1 M nearly follow the expectations from their position in the HRD compared to the single post-AGB theoretical evolutionary tracks, as the relevant models have initial masses of 0.8-1.5 M . However, this comparison would be more relevant if we were using binary model calculations (see Sect. 3.1). Regarding the lower mass stars, those ones that have masses around 0.5-0.6 M agree with the model calculations of fundamental pulsators of Bono, Caputo & Santolamazza (1997) . All put together, we find that the derived physical parameters are more or less consistent with the theoretical expectations.
Finally, we note that the only star with significantly higher mass is SS Gem, with a mass of ∼5.48 M . Such a large value is again typical for Pop. I Cepheids (Turner 1996) , which gives another supporting evidence to the previous conclusion that SS Gem is likely to be a massive young supergiant star instead of a post-AGB pulsator.
SUMMARY
We have compiled a carefully selected list of galactic RV Tauri stars. We took the dominant period values from the literature or determined by ourselves when needed from the available light curve data. Then we cross matched our list of coordinates with the Gaia DR2 database. To infer distances, bolometric magnitudes, luminosities, and radii, we used the slightly modified version of isoclassify code of Huber et al. (2017) , which uses a Monte-Carlo sampling scheme and derives posterior distributions.
As the evolutionary status of several objects have been questioned in the literature or is uncertain, we restricted our sample to well-studied stars. To do so, we used the chemically studied sample of Gezer et al. (2015) and the RVb variables of Kiss & Bódi (2017) as our highconfidence sample. To carry out our analysis, we created the most reliable, high-confidence collection of galactic RV Tauri-type variables with well-determined Gaia DR2 distances, which contains 12 RVa-and 6 RVb-type stars in the Galaxy.
The main work in this paper is that we derived parallax-based period-luminosity and period-radius relations for galactic RV Tauri-type variable stars. The most important results inferred from our analysis can be listed as follows:
1. We showed that Gaia DR2 effective temperatures for RV Tau-tye stars deviate significantly from the spectroscopically determined values. They are lower with a median shift of ∼436 K. The reason for this systematics is the lack of reddening correction for stars that lie in the location of RV Tau-type stars in the Hertzsprung-Russell-diagram.
2. We discussed the evolutionary status of galactic RV Tau-type stars, which is fairly ambiguous. The most luminous ones that are brighter than the TRGB of 1 M model are presumably post-AGB objects that are descendants of stars with masses higher than 1 M . Fainter ones are probably postAGBs if they have an initial mass between ∼2-4 M . Otherwise they likely were formed from lower mass binary post-RGB progenitors. Others are post-RGB binary stars with lower progenitor masses.
3. From the position of stars in the HR diagram we conclude that the instability strip of RV Tauri stars has a broader extension in the cooler range than the classical IS of classical Cepheids.
4. The galactic RV Tauris follow steeper periodluminosity and period-radius relations than those of the Population II Cepheids with shorter pulsation periods.
5. For the first time, we derived a period-absolute magnitude relation between the period of the mean-brightness variation of RVb stars and their V -band absolute magnitude. However, this relation is based on a very low number of stars; further observations will be needed to confirm this correlation.
6. We found that the median mass of RVa stars is around 0.45-0.52 M , which is in agreement with Type II Cepheid model calculations. The mass distribution of our very small sample of RVb stars is sort of bimodal, with masses around ∼0.7 M and ∼1.8 M .
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